In order to detect the rolling pitch and yaw angle of high-speed-spin vehicle, a novel attitude sensor system is designed by using a digital signal processor TMS320F2812. The configuration of the sensor consists of two MEMS sensing elements and signal processing circuit and micro-processor. A new silicon MEMS gyroscope based on the Coriolis effect can sense three angular rate of spin vehicle, which can provide a synthesis signal, including roll, yaw and pitch angular rate. And a MEMS accelerometer reacts on demodulating the three angular rates. The design of the hardware circuit, the algorithm and implement of software are presented. The demodulation algorithm is validated by simulation experiment on the ground and the experimental results are presented.
Intronduction
Accurately detect the attitude of spin flying vehicle is key technique to control its flying. But the characteristic of flying vehicle is complexity, both high-speed spin around the longitudinal axis of the flight body's own high-speed rolling, and accompanied by pitch and yaw movement. Furthermore, these gestures are difficult to detect relatively large. The spin vehicle attitude parameters of the flight tests are usually adopt the following two ways, strapdown inertial test and non-gyro combination at home and abroad. Of these two methods, there exists many problems, such as strapdown inertial measurement test with flying body rolling angular measurement range is relatively small [1] , usually less than 20 r / s; non-gyro combination of methods, such as with multiple accelerometers combinations [2] [3] , the accelerometer and magnetic sensor combinations [4] [5] , etc., measurement unit bulky, high cost, vulnerability to environmental impacts.
In order to avoid these problems, we research a new MEMS gyroscope, which different from others gyroscope, for example, electrostatically driven [6] [7] , electromagnetic driven [9] [10] [11] [12] and piezoelectric driven [13] [14] , as so on, and has not driven part, but utilized the spin vehicle itself circumrotation as driven force resource. So it is suitable for detecting angular rate of rotating carrier, by reason of its characteristic. Based on the gyroscope, we research an attitude sensor system to detect three angle. The paper reports the system sensing element and signal processing circuits. The sensor can sense three angular rate of rotating carrier and output three digital angle signals.
The sensor hardware
The attitude sensor system is shown in Fig.1 , which consists of three parts: sensing elements and signal processing circuit, data acquisition block and signals demodulation processing and communication block. Fig.1 The hardware components of attitude sensor
Sensing elements
The sensor has two MEMS sensing elements. The MEMS gyroscope' structure is shown in Fig.2 . It consists of a silicon four leaf clover structure. The silicon pendulum is obtained through bulk micromachining technology, attached to the center, which can form two pairs of capacitances with the opposite copper plating ceramic substrate, respectively.
The element fixed on the spin vehichle with it rotating at the velocityϕ & , when yawing or pitching take place, with the velocity Ω at the same time. The silicon pendulum is affected by Coriolis force that changes frequently (the frequency of the coriolis force is equal to that of the carrier's rotation), and the vibration amplitude is proportionate with velocity Ω of yawing or pitching . The accelerometer( ADXL203) is are high precision, low power, complete single and dual axis accelerometers with signal conditioned voltage outputs, all on a single monolithic IC. One of the most popular applications of the ADXL203 is tilt measurement. An accelerometer uses the force of gravity as an input vector to determine the orientation of an object in space.
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Data acquisition block
The data acquisition block mainly includes CD4051B, TLP281-4 and AD977a circuits. Because there have two analog signals, we design switch module , which consists CD4051B and TLP281-4. The CD4051B analog multiplexer is digitally-controlled analog switches having low ON impedance and very low OFF leakage current, which is a single 8-Channel multiplexer having three binary control inputs, A, B and C, and an inhibit input. The three binary signals select 1 of 8 channels to be turned on, and connect one of the 8 inputs to the output. A,B and C are controlled by TLP281-4.
TLP281-4 is programmable controllers AC/DC input module PC card modem (PCMCIA), which is a very small and thin coupler, suitable for surface mount assembly in applications such as PCMCIA Fax modem, programmable controllers. TLP281-4 consists of photo transistor, optically coupled to a gallium arsenide infrared emitting diode.
Signals processing and communication block
The signal demodulation processing circuits based on DSP2812, including core circuit and peripheral circuits, for example, power module clock circuit, reset circuit and serial port communication circuit of DSP2812, and so on, which is shown in Fig.6 Fig.6 digital signal processor circuit based on TMS320F2812 DSP
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The signal processing is shown in Fig.7 . The detailed algorithm is as follows: (1) The gyroscope and accelerometer signal can acquitted by A/D 977a. In order to reduce the noise signals, we apply zero phase distortion filter method, because the difference of phase is key factor to demodulate the signals. We apply three filter methods, i.e., FIR, IIR, zero phase distortion filters. The results are shown in Fig.8 . From the results, it is clear that the zero phase distortion filter method is best choice.
(2) The frequency of the sensing element signal (gyroscope signal) is calculated, which is the same to the spin vehicle rolling rate; Furthermore, we calculate the difference of phase ( θ Δ ) between gyroscope and accelerometer.
(3) Virtual value output voltage (U ) of the gyroscope signal is calculated, which is is proportionate with velocity Ω of yawing or pitching .
(4) According to principle, so we can obtain rolling, yaw and pitch angle rate as follows:
Where k is the scale factor.
(5) Rolling yaw and pitch angles can be obtained by integrated the rolling,yaw and pitch angle rate with respect to time, respectively.
Test and results
The experimental tests carried out on three-axis precision rotary table, which can simulate flying vehicle motion flight. One axis is used to simulate spin vehicle, the others control the attitude of the spin vehicle. The sensor is mounted to the inside-axis, which can roll to simulate the spin vehicle. From the results ,the maximal absolute error is less than 1°,which can meet to the required of applications. It is clear that the measurement results matched the actual results very well.
Conclusions
The construction, operation ,circuits, signals processing and tests results of a novel attitude sensor are presented.The attitude sensor can sense rolling, yaw and pitch angular rate of spin vehicle at one time. The experiment shows that the measured angle (rolling, yaw and pitch angle) accords with the Fig. 9 Comparison between the actual yaw angle and demodulation yaw angle .A-the actual yaw angle;B-the demodulation yaw angle Fig. 10 Comparison between the actual pitch angle and demodulation pitch angle .A-the actual pitch angle;B-the demodulation pitch angle Fig.11 Comparison between the actual rolling angle and demodulation angle .A-the actual rolling angle;B-the demodulation angle actual angle and the maximal absolute error is less than 1°.The effectiveness of the gyroscope is validated.
